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Introduction
Deposits of sulfide minerals carry significant 
concentrations of arsenic. Weathering of rocks causes 
conversion of arsenic sulfide into arsenic trioxide 
which enters in arsenic cycle in the form of dust or 
dissolved in rain, through surface and ground water 
(Smedley and Kinniburgh, 2002) and is adsorbed onto 
iron and aluminum oxides, also in clay minerals 
(Welch et al., 2000; Sracek et al., 2004). Arsenic 
pollution is caused by the reduction of FeOOH which 
releases sorbed load frequently to the anoxic waters 
where organic matter is in abundance (Ravenscroft et 
al., 2001) In buried sediments iron oxide and arsenic 
remains stable in the infiltrated rainwater. A small 
amount of oxygen can help iron oxide to travel from 
mountains. The smelting of lead and copper ores 
causes airborne arsenic compounds solubilized by rain 
to contaminate the soil and ground water. 
The aquifers in the past having vulnerability to arsenic 
contamination are now the recent alluvial sediments of 
the Indus Plain. These sediments have similarities with 
Quaternary alluvial-deltaic sediments, Himalayan 
source rocks. Indus plane sediments are less reducing 
which makes these a less problematic. It  is found that 
ground water from the lower Indus Plain show less 
reducing conditions (Cook, 1987). Groundwater 
having pH (6.8-8.0) along with bicarbonates (300mg/l) 
is prone to the leaching of arsenic (Hussain et al., 
2012). 
Ground water bore problems are documented by about 
15 countries of the world (Nickson et al., 1998; 
Nordstorm, 2002; Smedley and Kinniburgh, 2002; 
Ravenscrof et al., 2008). The rapid increase in 
concentrations of arsenic in the aquifers of geological 
origin is reported (Smedley and Kinniburgh, 2002; 
Stollenwerk, 2012). Quaternary sediments (alluvial and 
deltaic deposits are frequent in Indus sediments) are 
dominant in the geology of Pakistan (WAPDA/EUAD, 
1989). Arsenic contamination is found in various 
countries all over the world (PHED, 1999) and is 
present in higher concentrations in the areas 
comprising of younger geological settings. A report by 
UNICEF and PCRWR replicates some southern parts 
of Punjab province (Multan, Bahawalpur and Rahim 
Yar Khan districts) and central Sindh (Khairpur and 
Dadu) as arsenic contaminated zones. Shallow aquifers 
in such areas are serving as the source of arsenic 
contamination. 
Many of the large aquifers in the world are prone to the 
issues of arsenic concentrations of about 50 ppb 
(WHO, 2001).The effluent of many of the industries in 
surrounding areas of river Ravi is thrown in the river 
while a reasonable part of the pollution is added up to 
the river across the border. Balloki head works are one 
example of worst water quality conditions of river 
Ravi (Naqvi et al., 2012).The solid waste dumping 
locations of Lahore city are acting as one the  major 
pollution source (Aftab, 2005). The extra flood water 
released by India favors solute transport process in the 
aquifer in near river aquifer (Hassan et al., 2013).  
Hydro-geological setting 
Study area of Lahore city is a part of the Bari Doab 
which is a fluvial land between the rivers Ravi and 
Sutlej. 400m thick alluvial deposits form aquifer 
system of the area (WAPDA, 1980). Groundwater flow 
directions in the study area are associated with canal 
irrigation network trends of flows i.e. parallel to river 
network on regional scale. Bari Doab comprises of 
sand (consolidated), silt and silty clay, with 
appreciable amounts of kankers. In grain size view, the 
very fine sands are abundant as compared to the 
medium grained. Reassessment of the data available 
and geological sections indicates that Lahore aquifer 
have an increasing trend of sandy towards the central 
parts of the aquifer (WAPDA, 1980). Lahore aquifer 
poses maximum water table of 46.71 m in 2014 near 
FC College. Lahore district has very deep aquifer 
(more than 400 m) with high transmissivity of 2100 
m
2
/day (Basharat and Tariq, 2013).The ground water 
quality zones (saline and fresh groundwater) in Bari 
Doab are attributed to the present and previous factors 
regarding hydrology, topography and climate. Present 
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differences in permeability, recharge resources and 
stream channel positions (Greenman et al., 1967). 
Materials and Methods 
 Ground water sampling four tube wells was done by 
using standard method of sampling. Four borehole, 
samples were collected at varying borehole depths 
(20ft interval). During borehole sampling first 
collected sample at 70 ft. by removing the lockable cap 
on the outlet of the bore next at 90ft depth.  This 
procedure of sampling was adopted after every 20ft. up 
the bore-depth 230 ft (Table.1). Physical parameters of 
water quality pH and TDS were measured using pH-
meter and TDS-meter to assess any relationship with 
arsenic release in groundwater. 
 













Water quality assessment in reference to the parameter 
of Arsenic Standard methods was utilized in Pakistan 
Council of Research in Water Resources (PCRWR) 
Lab, Lahore. Atomic Absorption Spectrometer, 
Vario6, Analytik Jena is employed for analysis. 
Testing was processed in accordance to the guidelines 
values of WHO and PSQCA which are 10 ppb and 50 
ppb for arsenic respectively. The radiation flux without 
a sample and with a sample in the atomizer is 
measured. Samples were analyzed on atomic 
absorption spectrophotometer at hydride mode. The 
technique of hydride is based on the fact that the 
hydrogen liberated during the reaction of the sample 
solutions (weekly acidic) with Sodium borohydride 
which results gaseous hydrides. A 3-5 bar Pressure of 





the reducing agent was introduced by the 
peristaltic pump. By using these standards and sodium 
borohydride reagent the Calibration curve is made 
which has R
2
 value =0.997. A 10 ml sample was 
brought in the reaction cell and concentrated HCl (1 ml) 
was dispensed into the sample for analysis. The reaction 
cell was acquainted properly for the preparation of 
calibration standards of arsenic for concentrations 5, 10, 
15, 20, 25, 30 ppb.  
 
Results and Discussion 
Collected 18 samples (random and borehole) were 
assessed for physical (pH and TDS) and chemical (As- 
concentration) parameter in the lab (Fig. 1; Table.1). 
 
 
Fig. 1 Location map of the study area. 
 
Nine (9) random samples from the tube wells in the 
project area show arsenic concentration variation from 
13.87ppb to 16.30ppb (Fig. 2, Table. 1).  





pH TDS mg/l 
SZ-1 400 TW 14.87 0.0149 7.0 1150 
SZ-2 450 -do- 15.82 0.0158 7.7 1090 
SZ-3 450 -do- 15.69 0.0157 7.6 980 
SZ-4 500 -do- 16.41 0.0164 7.5 1120 
SZ-5 400 -do- 16.30 0.0163 7.3 1170 
SZ-6 650 -do- 15.49 0.0155 7.5 1125 
SZ-7 600 -do- 13.87 0.0139 6.8 990 
SZ-8 550 -do- 15.53 0.0155 6.7 1030 
SZ-9 500 -do- 16.13 0.0161 7.0 1160 
SZ-10 70 Well Borehole 1.38 0.0013 7.5 1120 
SZ-11 90 -do- BDL BDL 7.2 1013 
SZ-12 110 -do- 1.02 0.0010 7.0 975 
SZ-13 130 -do- 1.16 0.0011 6.8 820 
SZ-14 150 -do- 1.24 0.0012 6.5 980 
SZ-15 170 -do- 0.65 0.0006 7.0 850 
SZ-16 190 -do- 2.07 0.0020 7.2 1010 
SZ-17 210 -do- 0.89 0.0020 6.8 1050 
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Fig. 2 Illustration of relationship between Arsenic 
concentration and depth of water in wells. 
Arsenic concentrations for these samples exceed the 
permissible safe drinking water limits (WHO, 2001).K -
block has minimum arsenic concentration (13.87ppb), 
while SZ-4 shows the maximum concentration 
(16.41ppb) in B-Block. A,B,D and P-blocks pose high 
pollution susceptible zones. It was also observed that 
there is a seasonal variation in arsenic concentration .The 
minimum average concentration occurring in the 
summer season and the maximum in the monsoon. The 
variant ground water arsenic concentration may also be 
resulted due to the dissolution of solutes from different 
sources and later its leakage towards ground water. 
 
Fig. 3 Illustration of relationship between arsenic 
concentration and depth of water in borehole. 
Nine samples from same bore hole at different depth 
levels with regular intervals of 20 feet were taken (Fig. 
3). In these samples the Arsenic concentration ranges 
from 0.65 to 2.86 (Table 1) which qualifies the 
permitted criteria of World Health Organization 
(WHO, 2001). It was noticed that almost all the 
samples taken during bore sampling at different depths 
were safe and fit. A continuous relation between depth 
and arsenic concentration is observed at depth of 110 ft 
to150 ft. But at depth up to 230ft, there is an abrupt 
discontinuous change in arsenic concentration (Table 
1).  
It is considered that concentration of arsenic decreases 
with the increase in depth but in present study it is 
found that there is no such relation exists. It may be 
caused by the trans-boundary Ravi River flowing 
through Northwestern India to Eastern Pakistan. The 
cities draining Ravi have significant amounts of 
pollutants which may also a cause of arsenic 
contamination. A 72 kilometer extends of the Ravi 
river from Lahore Siphon to Baloki head-work shows a 
heavy contamination of water (Fig.4).  
 
Fig. 4 Arsenic contamination trends along river Ravi.  
Sabzazar Scheme is comparatively a new housing 
scheme. This area was frequently used as landfills to 
dump solid waste. The leaching of solid waste can 
easily contaminate the lower ground level of water. pH 
value for majority of the samples ranges between (6.7-
7.5) which may ease in release of As in ground  water 
if  bicarbonates are frequent in aquifer system. 
Measured TDS ranges from 850-1150mg/l (Table.1). 
Results of pH value and TDS seem no significant effect on 
arsenic contamination variations (Fig. 5). 
 






























Depth of Water (ft) 
Relationship between Arsenic 
concentration and Depth of water 
in  Borehole 
 
R² = 0.7335 
 
R² = 0.3857 
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Conclusions  
Arsenic contamination in prospect of both depth 
(vertical) and linear variations has posed irregular 
patterns. Arsenic concentrations in random samples 
demonstrate a serious health hazard for the inhabitants. 
Is has been found that no significant relationship exists 
between arsenic concentration and ground water depth. 
Contamination trends for deep water may possibly 
have some appearances to the geochemistry of the 
study area. Deviations in arsenic concentration within 
the ground water may also be controlled by the 
pressure of clay lenses which favors a migration 
process of arsenic contamination. The abundance of 
fine sands can facilitate arsenic pollution in the study 
area. Detailed environmental studies are strongly 
recommended in whole of the floodplain settlements 
along the river Ravi. 
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